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SUMMARY

Herewith presented is a method of computation of geomagnetic field taking
into account the external sources. The results are brought forth of field com-
putation during the recovery phase of a magnetic storm at specific assumptions
about parameters of perturbing currents.

In many geophysical investigations it is necessary to consider the effects,
which are dependent on the configuration and the magnitude of quasi-permanent
magnetic field inside of magnetosphere. 1In most works this field is assumed to
be a dipole kind [1]. Up to the present time, there have been no works consecu-~
tively accounting for all the field's basic external sources, although there are
some works describing the distortion of Earth's dipole field by one of these
sources [2-4].

The author does not investigate the accuracy or applicability of external
sources' hypotheses. The information deals only with the results of computation
of a magnetospheric field model, which takes into account the aggregate action of
these sources, and apparently could be better utilized for the interpretation of
some geophysical events during the periods of moderate magnetic disturbance than
the dipole approximation.

By the character of magnetic perturbations, it is possible to sort the exter-
nal sources into three categories:

a) current systems in the ionosphere which generate the field ﬁi;

b) drift currents at the expense of adiabatic motion of energetic particles
inside the magnetosphere inducing the AH field, which we shall subsequently
refer to as the perturbation field;

¢) currents in the outer boundary of the magnetosphere, which in their turn
may be split into currents originating at ‘the solar wind flow past the
magnetosphere (field H,;)_and the still hypothetical currents in the “tail"
of magnetosphere (field H,).



The abovementioned division of external sources is a rather conditional
one, and is the result of our limited knowledge about the mechanism of solar
plasma interaction with the near-Earth magnetic field.

A method of computation of perturbed magnetic field structure is presented
in this paper taking account of the described external sources; brdught forth
in particular, are the results of computation for the magnetic storm's recovery
phase, when such current system inside the magnetospliere can be considered as
symmetrical. Investigated here is the field structure at distances R = (2-8)Rg.
In view of the admitted limitations of the internal field decomposition Hy, let
us consider only the dipole term and ignore the ionospheric current system
(Hi << Ho), let us also consider the currents at the boundary of mdgnetosphere
as external relative to the region of investigation. The expressions for the
field H; were borrowed from the work [3] with the consideration of the first two
terms of decomposition. The expressions for the field H, are taken according to
the model proposed in [4]. Finally let us consider the perturbation field AH as
quasi-stationary relative to the periods of -finite drift motions of charged
particles inside the magnetosphere, which for temporal scales, characterizing the
magnetic storm and reasonable concentrations of energetic particls leads, as
shown in [5], to the consideration of only the magnetic drift of charged particles
across the magnetic field. We shall write the expressions for the drift-currents
T exactly as is done in the work [6], and let us consider the drift trajectories
of particles asg circular and recumbent in planes parallel to that of geomagnetic
equator, which permits us to reduce the calculation to the two—-dimensional case.

The initial equations are as follows:

.
rotITso =0, Qivi{ =0, rotAH = -—“— F(IT, M),
E=fio+m+ﬁ2+7371_ﬂso+ All (1)
Qe ] c plI
= Vp L @V II]

where plit, p| are respectively the kinetic pressure of charged particles along and
across the lines of force of the field W and An are the parameters of drift-
particles' distribution.

It is easy to conduct the computation in curvilinear orthogonal coordinates
L, M, ¢ to which a transfer from spherical coordinates r, O, A is realized by
formulas

=L cos?0, r = M/sin O, ¢ = A (2)

As is seen from (2), the lines of constant L are the lines of force of Earth's
dipole field, but lines of constant M are perpendicular to the lines L and cross
the lines of poles at the distances M.

The system (1) is nonlinear and complex for its consideration in general
form; that is why it is resolved by the method of consecutive approximations.



A coordinate network is constructed by breaking down the lines L and M into a
specific number of segments / and m with a certain step, and the values of field
perturbation components in the nodes of the coordinates net AHy, ij, k+l, AHy, ij,
k+t1, (0 £ 1 <1, 0 < j< m) as well as the element shift of the line of force
across the direction ALj4, k+l are found in each (k+l)-th iteration. The values
derived by this means wiil depend on the dispersion parameters of particles in
the zero approximation from the values of the field Hgp, ij, and from the values
of perturbed component and deformation elements of the lines of force obtained in
the preceding k~th iteration.

Regarding the distribution of particles by pitch-angles P(y) and energies P(W)
the following simplifying hypotheses are made

P(y) = C(a) sin®p, P (W) =Woed(W — W), (3a)

where W, has the meaning of mean particle energy; o is the anisotropy parameter
of particles by pith-angles; € (a) is the normalization constant.

The calculation of particle distribution along the lines of force L in the
dipole of the condition (3a), fulfilled in [5] leads to the following equation:

J‘l ax

mz(L M)-—na;(L) [ ] y Dia== "Von;/(a+3),
L= Wonz(a+2)/2(a+43), (3b)

where #;; and H,; are respectively the particle concentration and the field on
equator in the dipole approximation.

In the assumption of the frozen-in state of energy particles in the magnetic
field, their distribution in the perturbed field at the point with coordinates
L + AL, M taking into account the elementary geometrical considerations will be
expressed in the following manner

n(L + AL, M) = ny(L, M)H(L+AL, M)L[Ha(L, M) (L+ ALy, ©°

Expressions for p; and py, analogous to (3b), are obtained by susbstitution
of ny by n from (3c) and a rearrangement of elements in matrices Ou, Oy (Li, Mj).

Let us admit as initial the following distribution of energy particles on
the equator

no exp,[— (L — Lo) 2/ALF], L < Lo,
P02 = pesp[—(L— Lo)/AL?), L> Lo,



where parameters L, AL&, AL, determine the center and the dimensions of particle
zone in the equatorial plane. With a precision to terms of the order |HL/HI2,
we reduce (1) to a simplified expression
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where Hy, Hp, are respective the componenets of the field along and across the
coordinate lines L; P, = Pn=py; ds; = k,dM, ds, = h,dL are the elements of length
in coordinates L, M; h; and h, are the corresponding Lamé coefflcients, R; and R,
are respectively the curvature radii of lines L and M. Since HL 0 an adequate
precision of expression (4) is assured by the choice of coordinaﬁes.

Utilizing the standard expressions for the elementary
field [6], we reduce (1) to the final expression

AHp 11 = Ciy 4+ Cola, AHpg aqy = Csly + Cily,
L(L M) =§ § (L, 00,00 (K (@) + CE (@) T hudad LD, (12)

B(L, M) = § § (L', 00, 20) (Co (@) + E (@) hubodLdb,

where C,, C,, C,, C4 are polynomials from arguments L, M, a; C,» Cg are polynomials
from the arguments L, M, L', M'; K(a), E(a) are elliptical functions of the I and
II kinds.

The elements of the transverse deformation ALij of the fixed line L (and
consequently, of a fixed i), which enter very implicitly into the formulas and
represent independent interest for the plotting of deformed lines of force are
found by the formula

b )
ALj; = D Hi(L + AL_y)/Har (L + ALy—s) Asie. )
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In order to complete computations, it is important to choose correctly the dis-
tribution parameters of drift particles L, , AL,, AL,, O, € = n W, (parameters n

and W, enter in the expressions (2), (3) only in the form of a product and that

is why it is convenient to unite them), and also parameter rp which is the distance
to the magnetosphere boundary from the diurnal side, by which the characteristics
of solar wind are expressed in model [3], and parameters r,, r,, Hy are the dis-
tances to the boundary of the current surface and the field magnitude on this sur-
face from model {4]. :



The experimental results could be criteria for such a choice. Unfortunately
at the present time they are not numerous. We bear in mind, first of all, the mag-
netic field measurements inside the magnetosphere, carried out on the AES "Elekt-
ron-2", "Elektron-4" [8] and "Explorer-26" [9], the measurements of field structure
in the tail [12] and of longitudinal asymmetry of trapped particles near the ref-
lection points characterizing the longitudinal asymmetry of the field {41, and a
series of measurements on registration of parameters of solar wind particles and
of distances to the boundary of magnetosphere [13]. The results of computation,
presented here, were conducted for the following parameters:

L, = 3.55, AL, = 0.5, AL, = 1.41, a = 1.0, € = 500 kev/cm®; rp

n
e
o
[a]

it
o
[

)

= 40, H, = 40y.

The structure of the lines of force and of the field vector of the ring
current after two iterations is shown in Fig.l (diurnal side) and Fig.2 (nighttime
side). The broken lines are the lines of force of the dipole field, and the solid



lines, are those of perturbed field.

Plotted by strokes in Fig.3, are the field deviations in equatorial are
at 1200-1600 hrs LT measured on "Explorer-26", and for the comparison by (solid
curve) are the computation differences H — Hj on the equator in the meridional
plane, corresponding to 1400 hrs LT. Considering the fact the the parameters of
sources taken at computation time, may not coincide with the current characteristics
during the experiment, we may assume that in principle, the computed model ref-
lects. correctly the peculiarities of the real perturbation inside the magneto-
sphere. ‘

It is seen from Figs. 1 and 2, that the external sources significantly
deform the lines of force of the dipole field. This is confirmed in Fig.4, where
the unperturbed (dipole equatorial distances of the lines of force Lz are plotted

aly in abscissa, and the corresponding distances
*S50 ' : Roqus in the perturbed field in ordinates
///’——~“\\\‘-~ (solid line is day, broken line is night).
P) . . . \ R With the Lz increase, the displacement of

7 I the lines of force increases. On the diurnal
side this displacement reaches a maximum on
Ly~ 55, then its drop takes place, for
greater Ly the lines of force are crowding
at the expense of solar wind's pressure. On
the nighttime side, the dynamic pressure of
solar wind is substantially less, therefore
the release of internal lines of force is
greater,

Beginning with O, = 67° (Lg= 6.3) the
high-latitude lines of force form a tail.
It may be seen that in the presence of a
ring current, the minimum latitude of tail-
lines lowers considerably (cf. Fig.2 here
with Fig.2 in [4]), which is confirmed by
the experiment of [14].

As is seen from this exposé, the compu-
Jr tation scheme of the most essential (for L =
= 2-8) of external sources, namely, the ring
current, does not differ much from those of

N ; g ! [1]. The most important differences are as
! follows:
Fig.4 1) TIntroduction of orthogonal curvilinear

coordinates L, M, ¢ are not orthogonal and
the expression analogous to (3) is not quite correct.

2) Computation of field structure of lines of force, is made in [1] only for
the ring with L, = 6. 1In our work a more probable value of L, [8,9] is taken, and
at field structure computation the boundary currents are taken into account.



A certain incorréctness of the above computation scheme consists in that,
during the accounting for the inverse action of the perturbed field in the ring
current, the longitudinal asymmetry of the ring current, brought in by boundary
currénts, was not, in fact, taken into account. However, from the results of
[2,3], it can be seen that such asymmetrical distortion for the region L = 3-5
is not great by comparison with the symmetrical distortion of ring current under
the influence of its proper field (H, + H, << AH). In any case the taking into
account of asymmetry leading to three-dimensional problem and to a considerably
more cumbersome calculations, is hardly justified.

In conclusion I express my most profound gratitude to Ya.I. Lichter, whose
valuable suggestions I followed, and also to Yu.D. Kalinin &nd N.P. Ben'kova for
the helpful discussions.
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